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(54) BALLOON CATHETER, CATHETER SHAFT USED FOR THE CATHETER AND METHOD OF 
PRODUCTION OF BALLOON 



(57) A balloon catheter used in PTCA (Percutane- 
ous Transluminal Coronary Angioplasty), and a method 
for manufacturing the catheter shaft and balloon 
thereof. The balloon catheter is equipped with a cathe- 
ter shaft (1A) comprising a multi-lumen tube inclusive of 
a dual-lumen tube and a balloon (2) provided at the dis- 
tal end of the catheter shaft (1 A). The catheter shaft 
(1A) is equipped with at least a guide wire tumen (4A) 



and an inflation lumen (4b), and is composed of a resin 
material having a flexural modulus that contributes to 
pushability and trackability. A resin material layer (tube 
(5)) having a lubricity higher than that of the constituent 
material of the guide wire lumen and having a surface 
energy of no more than 50 dyn/cm is present on the 
inner surface of the guide wire lumen (4A). 
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Description 

TECHNICAL FIELD 

5 [0001] This invention relates to a balloon catheter and to a method for manufacturing a catheter shaft and balloon 
- used therein, and more. particularly.relates to a.ballpon. catheter used in percutaneous transluminal angioplasty (PTA) 
or percutaneous transluminal coronary angioplasty (PTCA), in which constricted areas or obstructions such as in the 
coronary artery, limb arteries, the renal artery, or peripheral vessels are treated by dilation, and to a method for manu- 
facturing the catheter shaft and balloon of this balloon catheter. 

10 

BACKGROUND ART 

[0002] A balloon catheter is primarily made up of a catheter shaft and a vascular dilation balloon provided to the 
distal end portion of this catheter shaft. At least two luoiens (cavities) are formed in the interior of the catheter shaft. 

15 One of these is a guide wire lumen through which a guide wire is passed, and the second is an inflation lumen through 
which a pressure fluid such as a contrast medium or physiological saline is passed in order to inflate or deflate the bal- 
loon. Angioplasty using a balloon catheter such as this is conducted by the following procedure. First, a guide catheter 
is inserted through the femoral artery and positioned at the far end of the Inlet to the coronary artery, after which a guide 
wire that goes through the balloon catheter is advanced past a constricted site in the coronary artery, then the balloon 

20 catheter is advanced along the guide wire and inflated when the balloon is located at the constriction. After the constric- 
tion has been dilated, the balloon is deflated and taken out of the body. A balloon catheter such as this is not limited to 
the treatment of arterial constrictions, and can be used in many other medical applications, including insertion into 
blood vessels and Insertion into various bodily cavities. 

[0003] Some of the characteristics required of a catheter shaft are its pushability, which is a measure of how effi- 
25 ciently the pushing force applied to the proximal end is transmitted to the distal end, the flexibility of the portion 20 to 30 
cm from its distal end, that is, its trackability, which allows this portion to proceed smoothly through curved blood ves- 
sels, and its diameter, which needs to be small enough to allow insertion into narrow blood vessels. Since the balloon 
provided at the distal end is inflated or deflated by introducing a pressure fluid into the Inflation lumen, the catheter shaft 
must be strong enough to withstand the pressure from this pressure fluid. The modulus of elasticity of the catheter shaft 
30 needs to be raised in order to raise this pressure resistance strength and improve the pushability, while the modulus of 
elasticity of the catheter shaft needs to be lowered in order to improve trackability These are' mutually conflicting char- 
acteristics, so a catheter shaft needs to strike a good balance between these two characteristics. 
[0004] The balloon catheters in use today can be divided into over-the-wire balloon types and monorail types. An 
over-the-wire balloon catheter has a structure in which the guide wire lumen extends the entire length of the catheter, 
35 from the farthest end to the nearest end of the catheter. Monorail types are discussed in detail in U.S. Patents 4,762,1 29 
and 4,748982, in which the lumen used for guide wire passage is fomned only in the distal portion of the catheter, and 
the guide wire exits the catheter on the proximal side of this distal portion. 

[0005] The most salient feature of an over-the-wire balloon catheter is that because the guide wire passes through 
the interior of the catheter over the entire length of the catheter, there is no slackening of the guide wire and good push- 

40 ability is obtained even if an obstacle is encountered that would hinder the advance of the guide wire at the catheter 
distal end portion. As a result, a back-up force can be imparted to the guide wire, making it possible for the guide wire 
to pass more easily through highly constricted afflicted sites. However, in the event that the balloon catheter has to be 
replaced for a reason such as the inability to obtain the desired inflation diameter, if a guide wire of ordinary length is 
being used, an extension guide wire will have to be used, so replacing the balloon catheter takes more time and trouble. 

45 Relatively long guide wires that do not require the use of an extension guide wire do exist, but when these guide wires 
are used, it is difficult to control the wire so that it will pass through the afflicted site, and for this reason a guide wire of 
ordinary length is usually used. 

[0006] An advantage to a monorail type of balloon catheter in regard to this point is that although the pushability is 
not as good, there is no need to use an extension guide wire, so the balloon catheter can be replaced more easily and 

50 quickly. This shortens the time required to perform PTCA, and allows PTCA to be performed more times per day. Fur- 
thermore, a monorail type of balloon catheter is advantageous because the number of catheters needed for treatment 
can be kept low and the cost of the PTCA kept down, and because cases involving the use of a stent.are on the rise in 
recent years. Specifically, in a case that requires a stent from the outset, such as a case in which dissection of the vas- 
cular wall is likely to occur, after a constricted site has been dilated with a monorail type balloon catheter, this catheter 

55 is temporarily pulled out, a stent is then placed at the distal end of the same monorail type balloon catheter and quickly 
delivered to the constricted site, and the stent is disposed at this constricted site. This offers considerable benefits to 
both physician and patient, so the use of monorail type balloon catheters has been increasing rapidly in recent years. 
[0007] Examples of various conventional balloon catheters, and the problems encountered with them, will now be 
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discussed . 

[0008] In particular, the following (1 ) to (4) are conventional examples characterized by the structure of the catheter 
shaft. 

5 (1) Japanese Laid-Open Patent Applications S63-288169 and H5-192410 discuss balloon catheters comprising a 
dual- lumen shaft. These balloon catheters, however, have a single structure for the lumen tube, including the dual 
lumen, and merely involve adjustment of the rigidity in the axial direction, so they do not represent the good balance 
between pushability and trackability that is required today. 

(2) Japanese Laid-Open Patent Application H7-1 32147 discloses a catheter shaft structure in which a plurality of 
10 tubes (inflation lumen tube and guide wire lumen tube) each composed of a different resin material each suited to 

its own function, and a flexible control means such as a core wire are bonded using an adhesive agent or using a 
heat-shrink tube from the outside. 

However, when a catheter shaft with a structure such as this is manufactured using a heat-shrink tube, depend- 
ing on the conditions under which the heat-shrink tube shrinks, the inflation lumen or guide wire lumen may be flat- 

15 tened or reduced in diameter. Another problem is that it is exceedingly difficult to line up the plurality of tubes, core 
wire, etc., without any twisting over the entire length of the catheter in the step prior to the shrinkage of the heat- 
shrink tube. On the other hand, when a catheter shaft with the above structure is manufactured using an adhesive 
agent, slight changes in the temperature or humidity during manufacture can affect the final hardness and adhesive 
strength, and this can affect the flexibility and strength of the catheter shaft itself. These problems inevitably result 

20 in a dramatic drop in yield and a rise in manufacturing cost. 

(3) Japanese Patent 2,505,954 discloses a catheter shaft structure comprising [i] a tube with a specific inside diam- 
eter and a specific wall thickness and pi] a variable-thickness tube (multi-lumen tube) having at least one lumen with 
a specific inside diameter and being equipped with a wall thickness portion where the wall thickness varies contin- 
uously in the peripheral direction, wherein the tube is embedded in the portion where the wall thickness is large. 

25 The first object of the present invention is to enhance the dimensional precision of a multi-lumen tube, and the 

second object Is to eliminate bumpiness and roughness on the inner surface of the guide wire lumen. Accordingly, 
the invention is characterized in that extrusion molding is performed such that the outside. of a tube into whteh a 
mandrel has been inserted is covered with a resin that will form a variable-thickness tube. The manufacturing 
method of the present invention cannot, however, be applied, and the desired structure cannot be obtained, when 

30 the melting point of the embedded tube is far lower than the melting point of the multi-lumen tube. 

Also, with the present invention, the outer surface of another tube embedded in that portion of the variable- 
thickness tube where the wail thickness is large is brought into direct contact with the other lumen in order to make 
the wall thickness more uniform in the axial direction at the interface between the two lumens. Accordingly, when 
the pressure fluid is introduced into one of the lumens or tubes, the interface portion is apt to be defomned because 

35 it is much weaker than the other surrounding portion. 

(4) Recent years have seen the frequent use of catheter shafts with a coaxial structure, in which an outer tube is 
disposed coaxially around an inner tube that forms the guide wire lumen, and the space between the inner tube 
and outer tube forms the inflation lumen. At the distal end of this catheter shaft, the ends of the balloon are fastened 
to the end portion of the outer tube and the end portion of the inner tube, which protrudes farther than the outer 

40 tube, and at the proximal end of this catheter shaft, the inner tube and outer tube are fastened so that each one 
communicates with its own manifold port, thereby constituting a balloon catheter. Thus, the inner tube and outer 
tube are fastened at two places: the proximal end portion of the manifold and the most distal end portion of the cath- 
eter shaft, and the inner tube and outer tube are not fastened by any means at all between these two places. Con- 
sequently, there is a loss of the above-mentioned pushability, and due to differences In shrinkage in the axial 

45 direction between the inner tube and outer tube, so-called rippling tends to occur, in which the balloon shrinks in 
the axial direction. 

The following (5) to (9) are examples of conventional monorail type balloon catheters. 

(5) U.S. Patent 4,762,129 discloses a catheter structure in which a guide wire passage tube is provided adjacent 
to the inflation lumen tube, but only in the proximity of the distal end portion of the catheter. Therefore, the most 

50 distal end of the guide wire passage tube forms a guide wire inlet all by itself. 

With this catheter structure, however, a large step is produced at the guide wire inlet, and this step can damage 
blood vessel walls when the balloon catheter is pulled out, and in a worst case, there is the danger that the step will 
snag on the blood vessel walls or in the guide catheter, making it difficult even to pull out the balloon catheter. 

(6) U.S. Patent 4,748,982 discloses a catheter shaft in which the distal shaft and proximal shaft both have a bi- 
55 lumen tube (dual-lumen tube) structure. One of the characteristics of this invention is that the guide wire lumen 

located on the distal portion side of the proximal-side bi-lumen tube is plugged, and the distal portion of the bi- 
lumen tube is cut to form the guide wire inlet. Also disclosed is a method for joining the distal shaft and the proximal 
shaft, in which a mandrel is passed through mutually communicating lumens of the two shafts, the shafts are butted 
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up against one another, and a glass mold is used to heat-fuse and join the shafts together. The above-mentioned 
cutting, however, requires sWiW on the part of the worker, and the technical sophistication of the wor!<er tends to be 
reflected in the quality of the finished product, so a high yield cannot be expected. The cost is therefore relatively 
high, among other problems. 

5 (7) Japanese Laid-Open Patent Application H2-277465 discloses a monorail type balloon catheter in which the 

_catheter^sJiaft comprises _a proximal encLportion shaft, a middle portion shaft, and a distal end portion shaft. One 
of the characteristics of this invention is that the middle portion shaft has two lumens: a guide wire passage lumen 
and an inflation lumen for inflating the balloon, and the distal end portion shaft only has a guide wire passage 
lumen. The method for joining these shafts is given as fusing them together in a state in which mandrels have been 

10 inserted into the mutually communicating lumens of the various shafts. No specific mention is made about the 
method for forming a guide wire inlet, but judging from the figures and the contents of the Specification, it seems 
that cutting is perfonned on the guide wire passage lumen located at the most proximal portion of the middle bi- 
tumen tube. As mentioned above, this cutting requires sicill on the part of the worker, so a high yield cannot be 
expected. The cost is therefore relatively high, among other problems. 

15 (8) Published Japanese Translation of PCT Application H6-507106 discloses a monorail type balloon catheter 
equipped with a main shaft portion formed from a metal tube, and a plastic end shaft portion having a balloon at its 
distal end and connected to this main shaft portion, in order to enhance the vertical strength of the catheter shiafl. 
In this publication it is stated that a crescent-shaped crimp is formed in the tube of the end shaft portion in the prox- 
imity of the guide wire inlet using a die mechanism and a molding plate with a crescent-shaped distal end. This tube 

20 of the end shaft portion (distal shaft) and tube of the main shaft portion (proximal shaft) are joined with an adhesive 
agent. 

However, joining with an adhesive agent results in variance in the adhesive agent viscosity and in the adhesive 
strength between lots, and the viscosity of the adhesive agent may vary in the joining step, which means that the 
bonding clearance between shafts has to be adjusted, a plasma treatment is required, and so forth. Thus, the con- 
25 trol and manufacturing steps become more complicated, the yield decreases, and the manufacturing cost is higher. 

The above publication states that a crescent-shaped crimp is formed in the tube of the end shaft portion, which 
changes the cross sectional shape of the inflation lumen of the proximal shaft from circular to crescent-shaped. It 
is difficult, however, to join an inflation lumen whose cross section has been worked into a crescent shape to the 
neck of a balloon member. This Is because the high-pressure fluid that passes through the inflation lumen tends to 
30 leak from this joint, and preventing this leakage results in a more complicated manufacturing process. Furthermore, 
a step is present at the guide wire inlet described in the above publication, which tends to be a hindrance in moving 
the balloon catheter forward or backward in a blood vessel. 

(9) Published Japanese Translation of PCT Application H6-506124 discloses a monorail type balloon catheter com- 
prising a main shaft portion formed from a high-tensile strength metal in order to prevent breakage at the distal por- 

35 tion and to enhance pushability, and a middle (actually at the distal portion) resin shaft having a coil for preventing 
breakage. This balloon catheter, just as with the balloon catheter in Published Japanese Translation of PCT Appli- 
cation H6-507105. has a crimp fonned so that the inflation lumen is changed from being circular to crescent- 
shaped, and the inflation lumen is formed in the crimp portion, so the same problems as above are encountered. 
The following (10) to (13) are examples of conventional balloons and methods for their manufacture. 

40 (10) Published Japanese Translation of PCT Application H3-63908 (title of the invention: Method for Manufacturing 
Catheter Balloon from Flexible, High-Molecular Weight. Biaxial ly-Drawn Polymer) discloses a balloon in which the 
tensile strength of the balloon walls has been raised by biaxially drawing a material composed of a polyethylene 
terephthalate homopolyester. However, because a polyethylene terephthalate homopolyester is a material with 
extremely high crystallinity, a balloon produced using this material is relatively hard. Consequently, pin holes 

45 develop in the balloon, and winging (a serious problem in which the wrapped portion spreads out like the wings of 
a bird in the radial direction) occurs when the balloon is rewrapped after a dilation treatment. ^ 

(1 1 ) Japanese Laid-Open Patent Application H3-57462 (title of the invention: Balloon for Medical Device, and Mold- 
ing Thereof) states that it is possible to control the elongation (inflation profile) of a balloon as desired, from com- 
pliant to non-compliant, by biaxially drawing a tube composed of a nylon material or polyamide material and varying 

50 the radial orientation (draw ratio) . and mentions nylon materials and polyamide materials as materials with which 
this is possible. However, nylon itself is a highly crystalline resin, and therefore if the wall thickness of a balloon pro- 
duced from nylon exceeds 20 |iim, the above-mentioned problem of winging will be encountered during rewrapping. 
Also, when a balloon is molded from a nylon material or polyamide material, there is a great deal of variance (stand- 
ard deviation) in the bursting pressure thereof, so if the diameter of the balloon is 3.0 mm and the wall thickness is 

55 less than 20 ^im, the rated bursting pressure defined in FDA guidelines has a 12 atm limit. 

(12) Japanese Laid-Open Patent Application H6-304920 (title of the invention: Inflatable Balloon with Elastic Stress 
Response Inflatability, and Method for Manufacturing Same) discloses a technique for manufacturing a balloon 
using a "block copolymer having a region of molecular chain interaction separated by a region where individual por- 
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tions of the polymer chain can unwind." The main object of the invention pertaining to this application is to enhance 
elastic stress response and tensile strength (to raise the average bursting pressure), and more particularly, to pre- 
vent winging from occurring during rewrapping. which is attributable to heat-shrinkage of the balloon, even when 
this balloon is heated and sterilized at 50 to 60**C. All of the soft segments of the block copolymer materials given 

5 as examples in this publication are polyester. 

(13) International Patent WO 95/23619 discloses a balloon made from a polyamide- or polyester-based thermo- 
plastic elastomer. These thermoplastic elastomers are characterized in that the hard segment is a polyamide or 
polyester and the soft segment is a polyether. The object of this invention is to produce a balloon that has high wall 
tensile strength, thin wails, and characteristics ranging from compliant to semi-compliant by using one of these ther- 

10 moplastic elastomers. 

[0009] In light of the problems encountered with the conventional balloon catheters discussed above, it is an object 
of the present invention to provide a balloon catheter equipped with a catheter shaft composed of a multi-lumen tube 
with a good balance of mutually conflicting characteristics, such as guide wire lubricity, pushability (the efficient trans- 
IS mission to the distal end of the pushing force applied to the proximal end of the catheter shaft), trackability (the ability 
to advance smoothly along a curved blood vessel), and a small diameter (so that the catheter can be used through even 
narrow blood vessels), and to provide a method for manufacturing the catheter shaft used in this balloon catheter at a 
high yield. 

[0010] It is another object of the present invention to provide a monorail type balloon catheter that can be manufac- 
20 tured by fomiing a smooth guide wire inlet with few physical steps by a simple and stable process, and precisely joining 
the shafts by a simple process, regardless of the skill level of the worker. 

[001 1 ] It is a further object of the present invention to conduct comparative investigations into conventional, balloon 
materials and manufacturing methods, find a novel balloon material, and provide a balloon catheter that solves the 

above problems encountered in the past and can meet the requirements of medical applications, as well as a method 
25 for manufacturing a balloon used therein. More specifically, it is an object to suppress variance in the bursting pressure 
of the balloon and thereby raise the rated bursting pressure set forth in FDA guidelines (that is, the guaranteed pressure 
resistance) even with a thin-walled balloon, and, regarding the elongation of the balloon, to precisely and easily obtain 
a balloon having characteristics ranging from non-compliant to semi-compliant, which is what is most required in actual 
medical applications, and furthermore to preserve the flexibility of the balloon and keep pinholes or winging from occur- 
so ring during rewrapping. 

DISCLOSURE OF THE INVENTION 

[0012] To achieve the stated objects, the first invention is a balloon catheter having a catheter shaft comprising a 
35 multi-lumen tube inclusive of a dual-lumen tube, and a balloon provided to the distal end of the catheter shaft, wherein 
the multi-lumen tube is equipped with at least a guide wire lumen and an inflation lumen, and is composed of a resin 
material having a flexural modulus that contributes to pushability and trackability, and a resin material layer having a 
lubricity higher than that of the constituent material of the guide wire lumen and having a surface energy of no more 
than 50 dyn/cm is present on the inner surface of the guide wire lumen. 
40 [001 3] The second invention is such that a tube composed of a highly elastic resin material having an elastic mod- 
ulus higher than that of the constituent material of the inflation lumen and having a surface energy of no more than 50 
dyn/cm is present in the interior of the inflation lumen. 

[001 4] The third invention is such that the outer surface of the multi-lumen tube is covered with a highly elastic resin 
material having an elastk; modulus higher than that of the multi-lumen tube. 
45 [0015] In these first to third inventions, it is preferable if the resin material layer present on the inner surface of the 
guide wire lumen is formed from a tube composed of a fluororesin material or a polyolefin-based resin material inclusive 
of polyethylene, or is a coating layer composed of a fluororesin material. 

[0016] It is also preferable if there is a circular lumen with a circular lumen cross sectional shape and a C-shaped 
lumen with a C-shaped lumen cross sectional shape, and the two ends in a cross section of the C-shaped lumen are 
50 located closer to the circular lumen than the tangent to the peripheral section of the circular lumen closest to the C- 
shaped lumen. 

[0017] It is also preferable if the multi-lumen tube is composed of a resin material having a flexural modulus of at 
least 2000 kgf/cm^ and no more than 1 0,000 kgf/cm^, or more specifically, composed of a resin material selected from 
among nylon, polyamide-based elastomers, polyesters, polyester-based elastomers, polyurethane-based elastomers, 
55 polyolefins, polyimldes, polyimidoamides, and polyether imides. 

[0018] In this balloon catheter, at least the distal portion of the catheter shaft may be made from a resin material 
and have the above-mentioned catheter shaft structure. In other words, the proximal portion of the catheter shaft may 
have a different constitution from the above-mentioned catheter shaft structure and resin material. 
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[00191 It "S preferable if the highly elastic resin material of the tube provided in the interior of the inflation lumen in 
the second invention, or the highly elastic resin material covering the outer surface of the multi-lumen tube in the third 
invention, is a resin material with a tensile modulus of at least 1 GPa (1 0® Pascal), with the use of a resin material com- 
posed of a polyimide being particularly favorable. 

5 [0020] The fourth and fifth inventions discussed below are methods for manufacturing the catheter shaft of the 

above-mentioned balloon catheter _ . . . _ , . _ . . _ _ 

[0021] The fourth invention is a method for manufacturing a catheter shaft, in which a tube composed of a resin 
material different from the resin material of which the multi-lumen tube is composed is fixed to at least one lumen out 
of the multi-lumen tube, wherein a multi-lumen tube having a lumen with an inside diameter that is larger than the out- 

10 side diameter of this tube of a different material is prepared in advance, and the tube of a different material is inserted 
into the lumen in a state in which a mandrel for maintaining the inside diameter has been fitted into the center of this 
tube, then the multi-lumen tube is stretched by applying heat from the outside in a state in which a tensile force is 
applied to the multi-lumen tube in the axial direction, and the tube of a different material is fixed inside the multi-lumen 
tube. 

15 [0022] It is preferable here if this mandrel is cooled with air or a liquid. 

[0023] Meanwhile, the fifth invention is a method for manufacturing a catheter shaft for a balloon catheter, in which 
a tube composed of a resin material different from the resin material of which the multi-lumen tube is composed is fixed 
to at least one lumen out of the multi-lumen tube, wherein a tube composed of a different resin material and having an 
outside diameter that is substantially equal to or larger than the inside diameter of the lumen is prepared in advance, 

20 the tube is passed through a mold with a specific outside diameter while heat is applied from the outside, thereby form- 
ing the outside diameter of the tube to high precision, and the tube is then inserted into the lumen, one or both ends of 
the lumen in its axial direction are fixed to the outer peripheral surface of the tube with an adhesive agent, and the tube 
is fixed inside the multi-lumen tube. 

[0024] It is preferable here if the tube is passed through a mold with a specific outside diameter while heat is applied 
25 from the outside in a state in which a mandrel for maintaining the inside diameter has been inserted into the center of 
the tube. 

[0025] It is also preferable if the mold is equipped with means for blowing hot air at the tube, and it is preferable for 
a UV curing type, urethane-based, or cyanoacrylate-based adhesive agent to be used as the adhesive agent. 
[0026] Next, the sixth invention is a balloon catheter with a balloon provided to the distal end of a catheter shaft, in 

30 Which at least the distal portion of the catheter shaft is composed of a resin material having a flexural modulus that con- 
tributes to pushability and trackability, wherein the balloon is composed of a thermoplastic elastomer with a tensile 
strength of at least 300 kgf/cm^ (by the method in ASTM-D638), an elongation of no more than 600% (by the method 
in ASTM-D638), and a Shore hardness of at least 500 (D scale), and the soft segment of the thermoplastic elastomer 
includes a polyester component. 

35 [0027] It is preferable if the balloon has a rated bursting pressure of at least 1 2 atm and no more than 1 8 atm when 
its inflated outside diameter is 3.5 mm or less and its wall thickness is no more than 20 jim. It is also preferable if the 
main component of the hard segment of the thermoplastic elastomer is one or more types selected from the group con- 
sisting of polyesters, polyamides, and polyurethanes. 

[0028] Furthermore, it is preferable if the flexural modulus is at least 2000 kgf/cnn^ and no more than 10,000 kgf 

[0029] Also, the balloon catheter pertaining to the present invention may combine a catheter shaft pertaining to one 
of the above first to third inventions with a balloon pertaining to the above sixth invention. 

[0030] The method for manufacturing the above balloon (the seventh invention) involves the use of a thermoplastic 
elastomer containing a soft segment whose main component is polyester and which has a tensile strength of at least 

45 300 kgf/cm^ (by the method in ASTM-D638), an elongation of no more than 600%(by the method in ASTM-D638), and 
a Shore hardness of at least SOD (D scale), and comprises a first stretching step in which a balloon parison is axially 
stretched at least two times its length in an environment between room temperature and up to 80% of the thermal defor- 
mation temperature of said thermoplastic elastomer, and a second stretching step in which the balloon parison is radi- 
ally^stretched in a plurality of stages by a pressurized gas or liquid, witti the elongation per stage adjusted t o with in^a 

so range of at least 1 .2 times and no more than 2.5 times. 

[0031] In the above manufacturing method, it is preferable if the balloon has a rated bursting pressure of at least 12 
atm and no more than 1 8 atm when its inflated outside diameter is 3.5 mm or less and Its wall thickness is no more than 
20 inm. It is also preferable if the main component of the hard segment of the themnoplastic elastomer is one or more 
types selected from the group consisting of polyesters, polyamides, and polyurethanes. 

55 [0032] Of the above balloon catheters, it is preferable if a monorail type balloon catheter is such that the above- 
mentioned catheter shaft comprises a distal shaft provided with a balloon at its distal end portion, and a proximal shaft 
composed of a miscible resin material that has substantially the same melting point as said distal shaft, the distal end 
portion of the proximal shaft and the proximal end portion of the distal shaft are joined using a joining member com- 
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posed of the same resin material as the proximal shaft or of a miscible resin material that has substantially the same 
melting point as the proximal shaft, and a guide wire Inlet that communicates with the guide wire lumen is formed in the 
proximity of this joint. 

[0033] It is preferable if the joining member is a cylindrical or ribbon-shaped member having an inside diameter that 

5 is larger than the outside diameter of the catheter shaft. 

[0034] It is also preferable if the proximal shaft comprises a first proximal shaft that is joined to the distal shaft, and 
a second proximal shaft that is located closer to the proximal side than the first proximal shaft; has a greater overall 
length and a higher rigidity than the first proximal shaft, and is composed of a resin, a metal, or both. 
[0035] The method for manufacturing this monorail type balloon catheter (the eighth invention) is such that the prox- 

10 Imal end portion of a distal shaft provided with a balloon at its distal end portion is brought into contact with the distal 
end portion of a proximal shaft composed of a miscible resin material that has substantially the same melting point as 
the distal shaft, a joining member composed of the same resin material as the proximal shaft or of a miscible resin mate- 
rial that has substantially the same melting point as the proximal shaft is disposed at this contact portion, the joining 
member is thermally deformed to join the proximal shaft to the distal shaft, and a guide wire inlet that communicates 

75 with the guide wire lumen of the distal shaft is formed in the proximity of this joint. 

[0036] It is preferable if the joining member is a cylindrical or ribbon-shaped member having an inside diameter that 
is larger than the outside diameter of the catheter shaft. 

[0037] It is also preferable In the above method for manufacturing a monorail type balloon catheter if the joining 
member is covered with a heat-shrink tube, and the heat-shrink tube is heated to thermally defomri the joining member. 
20 [0038] Another method that can be used is such that the above heat-shrink tube is not used, and the entire periph- 
ery of the joining member is covered with a heating mold, and the joining member is heated and thermally deformed by 
the heating mold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0039] 

Fig. 1 is an overall side view of the balloon catheter pertaining to the present invention; 

Fig. 2 (a) is a partial vertical cross section illustrating the main components of the balloon catheter pertaining to the 
30 first invention, and Fig. 2 (b) is a cross section along the XI -X1 line in (a); 

Fig. 3 (a) is a partial vertical cross section illustrating another embodiment of the balloon catheter pertaining to the 
first invention, and Fig. 3 (b) is a cross section along the X2-X2 line in (a); 

Fig. 4 (a) is a partial vertical cross section illustrating yet another embodiment of the balloon catheter pertaining to 
the first invention, Fig. 4 (b) is a cross section along the X3-X3 line in (a), and Fig. 4 (c) is a cross section along the 
35 X4-X4 line in (a); 

Fig. 6 (a) is a partial vertical cross section illustrating the main components of the balloon catheter pertaining to the 
second invention, and Fig. 5 (b) is a cross section along the X5-X5 line in (a); 

Fig. 6 (a) is a partial vertical cross section illustrating the main components of the balloon catheter pertaining to the 
third invention, and Fig. 6 (b) is a cross section along the X6-X6 line in (a) 
40 Fig. 7 (a) is a diagram of the first step in the method for manufacturing a catheter shaft pertaining to the present 
invention, and Fig. 7 (b) is a cross section along the X7-X7 line in (a); 

Fig. 8 is a diagram illustrating the final state in which the multi-lumen tube has been stretched from the state shown 
in Figure 7, with (a) being a simplified side view of this multi-lumen tube, and (b) a cross section along the X8-X8 
line in (a); 

45 Fig. 9 is a diagram of the first step in the method for manufacturing a catheter shaft pertaining to the present inven- 
tion, with (a) being a simplified side view illustrating the step of working the outer shape of the tube fixed in the multi- 
lumen tube, and (b) a simplified cross section schematically illustrating the state in which this tube has been 
bonded and fixed in the multi-lumen tube; 

Fig. 1 0 is a simplified cross section used to describe the apparatus for dip-molding the covering layer on the outer 

so surface of the multi-lumen tube; 

Fig. 1 1 is a graph of the relationship between pressure and elongation for the balloon made of a thermoplastic elas- 
tomer pertaining to the sixth Invention, and for conventional PET and polyethylene balloons; 
Fig. 12 (a) is a partial vertical cross section illustrating the main components of the monorail type balloon catheter 
pertaining to the present invention. Fig. 12 (b) is a cross section along the X9-X9 line in (a), and Fig. 12 (c) is a 

55 cross section along the XI 0-X1 0 line in (a); 

Fig. 13 is an enlarged cross section of the joint between the distal shaft and proximal shaft of the monorail type bal- 
loon catheter pertaining to the present invention; 

Fig. 14 is an enlarged cross section used to describe a method for joining the distal shaft and the proximal shaft of 
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the monorail type balloon catheter pertaining to the present invention; 

Fig. 15 is an enlarged cross section used to describe another method for joining the distal shaft and the proximal 
shaft of the monorail type balloon catheter pertaining to the present invention; 

Fig, 16 is a partial vertical cross section illustrating another embodiment of the balloon catheter pertaining to the 
5 present invention; and 

- Fig: 17 is an enlarged cross section of the joint between the first proximal shaft-and second proximal shaft of-the 
monorail type balloon catheter pertaining to the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0040] The balloon catheter pertaining to the present invention will now be described in further detail through refer- 
ence to the figures. 

[0041 ] Figure 1 is an overall side view of the over- the-wire type of balloon catheter pertaining to the present inven- 
tion. In the figure, 1 is a shaft, 2 is a balloon provided to the distal end portion of the shaft 1 , and 3 is a manifold provided 

15 to the proximal end of the shaft 1. The balloon 2 and manifold 3 here have conventional structures. The shaft 1 is 
equipped with at least a guide wire lumen through which is passed a guide wire (not shown) for guiding the balloon cath- 
eter to a specific afflicted site, and an inflation lumen through which is introduced a pressure fluid for inflating or deflat- 
ing the balloon 2. The manifold 3 is provided with ports 3A and 3B comnnunicating with these lumens. In this 
embodiment, the shaft 1 is inclusive of a dual-lumen tube having in its interior a guide wire lumen and an inflation lumen, 

20 but the present invention can also be expanded to a multi-lumen tube in which lumens for other purposes are laid out 
next to the above two lumens. 

[0042] Figures 2 (a) and (b) illustrate an embodiment of the over-the-wire balloon catheter pertaining to the first 
invention. Figure 2 (b) is a cross section along the X1-X1 line in (a). With this balloon catheter, a multi-lumen shaft 1 A 
pertaining to the present invention is provided over the entire length of the catheter. The basic structure of the shaft 1 A 
25 comprises a multi-lumen tube 4 extrusion-molded from a resin material having a flexural modulus within a range that 
contributes to pushability and trackability. and on the inside of the' guide vyire lumen 4A thereof there is a mono- (or sin- 
gle-) lumen tube 5 composed of a different resin material with a high lubricity and having a circular cross sectional 
shape (hereinafter referred to simply as 'tube 5"). 

[0043] The multi-lumen tube 4 is made from a resin material with a flexural modulus of at least 2000 kgf/cm^ and 
30 no more than 1 0,000 kgf/cm^. More specifically, it is made from a resin rriaterial selected from among nylon, polyamide- 
based elastomers, polyesters, polyester-based elastomers, polyurethane-based elastomers, polyplefins, polyimides, 
polyimidoamides, and polyether Imides. 

[0044] The tube 5 is made from a resin material that has high lubricity with respect to the guide wire and has a sur- 
face energy of no more than 50 dyn/cm. More specifically, it is made froni.a fluororesin material or a polyolefin-based 

35 resin material inclusive of polyethylene. . . 

[0045] The cross sectional shape of this multi-lumen tube 4 is as shown in Rgure 2 (b). In Figure 2 (b), the cross 
sectional shape of the guide wire lumen 4A is circular. The cross section of the inflation lumen 4B is C-shaped, and the 
line SI that connects the ends 4a and 4b of this C-shaped cross section is located on the guide wire lumen 4A side of 
the tangent T1 to the peripheral section of the circular lumen 4A closest to the C-shaped lumen 4B. Here, a resin layer 

40 40 that fonns the tube 4 is present at the boundary between the guide wire lumen 4A and the inflation lumen 4B. 
[0046] The reason that the cross sectional shape of the inflation lumen 4B is C-shaped Is that this ensures the larg- 
est possible cross sectional area for the inflation lumen 4B in the portion other than the guide wire lumen 4A, which facil- 
itates the flow of the pressure fluid through this lumen, that is, it maximizes conductance and minimizes the time it takes 
to inflate or deflate the balloon 2. If the time it takes to inflate or deflate the balloon 2 is shortened, this reduces the time 

45 required for dilation of a constriction in a blood vessel, or to put it another way, shortens the time that the blood vessel 
is blocked by the inflated balloon 2, which is advantageous in that it reduces the burden on the patient. 
[0047] The interior of the tube 5 disposed in contact with the inner surface of the guide wire lumen 4A of the multi- 
lumen tube 4 becomes the actual guide wire lumen 4A. Also, it is important that the tube 5 be the resin material with 
high lubricity provided to the inner surface of this guide wire lumen 4A. In this respect, a coating layer of a fluororesin 

50 material may be formed as the resin material layer with high lubricity on the inner surface of the guide wire lumen 4A 
instead of the tube 5. 

[0048] To provide the balloon 2 to the distal end of the shaft 1 A, the distal end of the tube. 5 is made to extend a 
specific length beyond the distal end of the multi-lumen tube 4, the distal end portion 2A of the balloon, which is in the 
form of a wrappable and inflatable tube, is fastened airtightty to the outer surface of the distal end portion of the tube 6, 
55 and the proximal end portion 2B of the balloon 2 is fastened airtightly to the outer surface of the distal end portion of the 
multi-lumen tube 4. At this point the inflation lumen 4B communicates with the interior of the balloon 2. and the distal 
end of the tube 6 is open all the way through the balloon 2. 

[0049] Good pushability and trackability, which are an object of the present invention, will both be achieved by giv- 
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ing thought to the material and structure of the resin materials used so that the flexural modulus of the multi-lumen tube 
4 that constitutes the shaft 1 A will be within the desired range, and the lubricity of the guide wire will be enhanced by 
providing the tube 5 composed of a resin material with high lubricity inside the guide wire lumen 4A. Thus, it is possible 
to obtain a balloon catheter that strikes a good balance between the mutually conflicting characteristics of guide wire 

5 lubricity, pushability, and trackability. 

[0050] Another embodiment of the balloon catheter pertaining to the first invention is illustrated in Figures 3 (a) and 
(b). Figure 3 (b) is a cross section along the X2-X2 line in (a). This balloon catheter only has the above-mentioned shaft 
1 A, which is flexible, has good trackability and pushability, and has good lubricity with respect to the guide wire, at the 
distal portion of the catheter, such as the portion 20 to 30 cm from the distal end, and makes use of a proximal shaft 6 

10 made of a material with a higher elastic modulus in order to achieve the desired pushability. Because the proximal shaft 
6 is coaxially connected with the shaft 1 A, this balloon catheter has a structure in which there is an overall improvement 
in pushability and trackability. Here, the distal end portion of the proximal shaft 6 is fitted and joined to the proximal end 
portion of the multi-lumen tube 4 that constitutes the shaft 1 A, and the tube 5 that constitutes the shaft 1 A extends along 
the entire length of both shafts inside the proximal shaft 6. The rest of the structure is the same as that of the above 

15 balloon catheter, and those members with the same structure are numbered the same and will not be described again. 
As a result, it is possible to achieve all of the desired characteristics that are an object of the present invention, namely, 
lubricity of the guide wire, better pushability and trackability, and reduced shaft diameter. 

[0051] The monorail type balloon catheter pertaining to the first invention will now be described through reference 
to Figures 4 (a), (b), and (c). Figure 4 (b) is a cross section along the X3-X3 line in (a), and (c) is a cross section along 

20 the X4-X4 line in (a). The balloon catheter in this example has a structure at the distal end portion of the catheter shaft 
that is flexible, has good trackability and pushability, and has good lubricity with respect to the guide wire, and that 
allows the guide wire to be inserted to the distal side from midway along the catheter shaft. Specifically, there is a distal 
shaft 1A" that is flexible and has good trackability, and a proximal shaft 1 A' that has good pushability. The proximal shaft 
1 A' is fitted and joined to the end portion of the distal shaft 1 A". Midway along the distal shaft 1 A" is formed an opening 

25 7 that communicates with the guide wire lumen 4A and is produced by cutting out the tube 5 and the multi-lumen tube 
4 except for the inflation lumen 4B. A reinforcing wire 9 is also provided inside the catheter in order to solve a problem 
peculiar to a monorail type balloon catheter, namely, the structural weakening of the proximal portion of the catheter 
where it is made of resin and where the guide wire does not pass through. This reinforcing wire 9 is provided inside the 
catheter shaft such that it tapers from the proximal end portion of the catheter shaft toward the distal end portion of the 

30 inflation lumen 48. Preferably, an opening is fonned where the distal shaft and the proximal shaft have been joined by 
the manufacturing method discussed below (see Figures 12 to 1S and their descriptions). 

[0052] The distal shaft 1 A" and the proximal shaft 1 A' are joined by the following method. First, the distal shaft 1 A", 

which is flexible and has good trackability, and the proximal shaft 1 A', which has good pushability, are readied. Next, the 
guide wire lumen 4A of the distal shaft 1 A" Is cut short and the interior removed, leaving behind the outer periphery of 

35 the proximal shaft 1 A'. The end portion of this proximal shaft 1A' is then fitted to the end portion of the distal shaft 1 A", 
and the two are sealed and joined. It is preferable to use the manufacturing method discussed below (see Figures 12 
to 1 5 and their descriptions). The rest of the structure is the same as in the above balloon catheter, and those members 
with the same structure are numbered the same and will not be described again. This structure results in a good bal- 
ance between the characteristics of guide wire lubricity, trackability. and pushability. In the figure, a prime sign is added 

40 to the numbering of the components on the proximal side. The flow of the pressure fluid used to inflate or deflate the 
balloon 2 may be facilitated and the time it takes to inflate and deflate the balloon 2 may be shortened by reducing the 
outside diameter of the reinforcing wire 9 and increasing the cross sectional area of the inflation lumen 48'. 
[0053] An embodiment of the over-the-wire type of balloon catheter pertaining to the second invention will be 
described through reference to Figures 5 (a) and (b). Figure 5 (b) is a cross section along the X5-X5 line in (a). The 

45 basic structure of the catheter shaft 1 B in this example comprises a multi-lumen tube 4 extrusion-molded from a resin 
material having a flexural modulus within a range that contributes to pushability and trackability. On the Inside of the 
guide wire lumen 4A thereof there is a circular tube 5 composed of a different resin material with high lubricity, and on 
the inner surface of the inflation lumen 4B there is a tube 1 0 composed of a highly elastic resin material with even higher 
-elastic modulus.and. pressure resistance. When a high pressure is applied to the inner surface of the.inflation lumen 48, 

50 this high pressure is received by the tube 1 0 with high pressure resistance, which makes it possible to greatly reduced 
the wall thickness of the multi-lumen tube 4. The highly elastic resin material that constitutes this tube 10 is preferably 
a resin material having a tensile modulus of at least 1 GPa (10^ Pascal), with the use of a polyimide being particularly 
favorable. 

[0054] In this example, a coating layer composed of a fluororesin material may be formed as the resin material layer 
55 with high lubricity on the inner surface of the guide wire lumen 4A instead of the tube 5. The rest of the structure is the 
same as that of the above balloon catheter, and those members with the same structure are numbered the same and 
will not be described again. As a result, it is possible to achieve the guide wire lubricity, shaft pushability and trackability, 
and reduced shaft diameter that are an object of the present invention, and to make the walls of the multi-lumen tube 
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thinner and further reduce the outside dianneter of the shaft. 

[0055] An embodiment of the balloon catheter pertaining to the third invention will be described through reference 
to Figures 6 (a) and (b). Figure 6 (b) is a cross section along the X6-X6 line in (a). The basic structure of the shaft 1C 
in this example comprises a multi-lumen tube 4 extrusion-molded from a resin material having a fiexural modulus within 

5 a range that contributes to pushability and trackabllity. On the inside of the guide wire lumen 4A thereof there is a circu- 
lar tube 5 composed of a different resin material with high-lubricity, and on the outer surface of the multi-lumen tube 4 
is fomried a covering layer 1 1 composed of a resin material with a high elastic modulus and high pressure resistance, 
which allows the high pressure applied within the inflation lumen 4B to be borne by this covering layer 1 1 with high pres- 
sure resistance. This makes it possible to make the walls of the multi-lumen tube 4 much thinner, and thus to greatly 

10 reduce the outside diameter of the shaft 1. The outer surface of the multi-lumen tube 4 may alternatively be covered 
with a covering tube composed of the same material instead of with the above covering layer 11 . It is preferable for the 
highly elastic resin material that constitutes the covering layer 1 1 or covering tube to be a resin material having a tensile 
strength of at least 1 GPa, and more specifically to be a polyimide. 

[0056] Also, a coating layer of a fluororesin material may be formed as the resin material layer with high lubricity on 
IS the inner surface of the guide wire lumen 4A instead of the tube 5 in this example. The rest of the stmcture is the same 
as that of the above balloon catheter, and those members with the same structure are numbered the same and will not 
be described again. As a result, it is possible to achieve all of the desired characteristics that are an object of the 
present invention, namely, lubricity of the guide wire, better pushability and trackabllity, and reduced shaft diameter. 
[0057] Methods for manufacturing a catheter shaft in which the tube 5 is provided on the inner surface of the guide 
20 wire lumen as in the above examples will now be described through reference to Figures 7 (a) and (b), Rgures 8 (a) 
and (b), and Figures 9 (a) and (b). 

[0058] The first method is as follows. As shown in Figures 7 (a) and (b), first, a multi-lumen tube 4 having lumens 
4A and 4B with a large inside diameter (naturally, the outside diameter of the multi-lumen tube 4 will also be larger) is 
fabricated, the tube 5 is inserted into the lumen 4A, and a tensile force (the force indicated by the an-ow F1 in Figure 7 
25 (a)) is applied to the ends of the multi-lumen tube 4 in the outward direction of each. If heat (such as hot air) is slowly 
applied by a heating apparatus 12 from one end of the multi-lumen tube 4 to the other with this tensile force still applied, 
the multi-lumen tube 4 will naturally stretch (be drawn), and as a result the inside diameter of the lumens 4A and 4B will 
shrink, with the constriction of the multi-lumen tube 4 stopping at the point when the inner peripheral surface of these 
lumens finally touches and is in close contact with the outer peripheral surface of the tube 5, ultimately resulting in the 
30 state shown in Figures 8 (a) and (b). A mandrel 1 3 is inserted ahead of time into the tube 5 inserted into the multi-lumen 
tube 4, which keeps the inside diameter of the tube 5 from changing during the stretching of the multi-lumen tube 4. 
Also, the effect of the heat applied to the tube 5 during stretching can be minimized by making the inside of the mandrel 
13 hollow and allowing a coolant such as cold air to flow through this pan. Instead of the above-mentioned heating 
apparatus 12, it is preferable to use a heating mold that covers the entire periphery of the multi-lumen tube in order to 
35 keep the outside diameter of this multi-lumen tube constant. 

[0059] The second method is as follows. First, a tube 5 is fabricated from a resin material that Is different from the 
constituent material of the lumen 4A (out of the lumens 4A and 48 of the multi-lumen tube 4, the one into which the tube 
5 is inserted and fixed) and has an outside diameter that is 0 to about 0.030 mm larger than the inside diameter of this 
lumen 4A. Then, as shown in Figure 9 (a), in a state in which a mandrel 14 for maintaining the inside diameter has been 
40 inserted Into the center of this tube 5, the tube 6 and the mandrel 14 are moved in the direction of arrow F2 while heat 
is applied to the tube 5 from the outside, so that the tube 5 and mandrel 14 are made to pass slowly through a mold 1 5 
with a specific outside diameter. A heating coil 1 5a that heats an air flow is installed on the inside of the mold 1 5, and 
hot air 1 6 that has passed through this coil 15a goes through spray holes and heats the tube 5. As a result, the outside 
diameter of the tube 5 is precisely molded to within a range allowing easy insertion into the lumen 4A. After this, as 
45 shown in Figure 9 (b), the tube 5 is inserted into the lumen 4A, and the ends of the lumen 4A and the outer peripheral 
surface of this tube are fixed with adhesive agents 1 7a and 1 7b. The outer peripheral surface of the tube does not nec- 
essarily have to be fixed to both ends of the above lumen, however, and the outer peripheral surface of the tube m^ 
instead be fixed to just one end of this lumen. It is preferable to use a UV curing type of adhesive agent, a urethane- 
based adhesive agent, or a cyanoacrylate-based adhesive agent as the above-mentioned adhesive agent. The above- 
so mentioned tolerance of 0 to 0.030 mm refers to the limit tolerance (± 0.015 mm) in the extrusion molding of a small- 
diameter tube. 

[0060] A method for forming the covering layer 1 1 on the outer peripheral surface of the multi-lumen tube will now 
be described through reference to Figure 10. This method is dip molding, featuring the use of a vanish whose main 
component is a polyimide. In Figure 10, 18a is a container, 1 8b is the varnish put into the container 18a, 18c is a die, 
55 and 1 8d is a coil heater. First, the above-mentioned multi-lumen tube 4 is readied, and both ends thereof are sealed off 
so that the varnish cannot penetrate into the lumens of this multi-lumen tube 4. This multi-lumen tube 4 is dipped in the 
varnish, after which it is pulled out through the die 18c, causing the varnish to adhere to the outer surface of the tube, 
and the tube is then passed through the heater 18d to dry and cure the varnish and form a cover film. A covering layer 
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1 9 having the specified thickness is formed by repeating this dip nnolding a specific number of times. In this dip molding, 
it is preferable from the standpoint of suppressing deformation of the multi-lumen tube 4 and tube 5 to leave the above- 
mentioned mandrel 13 (or 14) inside the tube. Naturally, it is a requirement that the characteristics of the multi-lumen 
shaft and the tubes not be affected by the curing temperature of the vanish. 
5 [0061] The balloon catheters in the above examples strike a good balance between the mutually conflicting char- 
acteristics required of a catheter shaft, such as guide wire lubricity, pushabillty, and trackability, the result of which is 
that the balloon catheter can be smoothly guided and manipulated through curved blood vessels, curved afflicted sites, 
and highly constricted afflicted sites. More specifically, the following benefits (A) to (F) are achieved. 

10 (A) Because the catheter shaft Is constituted by a multi-lumen tube, and the multi-lumen tube is made from a resin 
material having a flexural modulus within a range that contributes to pushability and trackability, the rippling of the 
balloon and the loss of pushability that were problems with a catheter shaft having a coaxial structure (as in (4) of 
"Background Art" above) can be prevented, allowing a balloon catheter to have good trackability to be obtained. 

(B) The lubricity of the guide wire is good because a resin material layer having even higher lubricity and a surface 
75 energy of no more than 50 dyn/cm is present on the inner surface of the guide wire lumen. 

(C) Because the inner surface of the inflation lumen or the outer surface of the multi-lumen tube is covered with a 
highly elastic material that has a tensile modulus of at least 1 GPa and Is able to withstand high pressure, the walls 
of the catheter shaft can be made thinner, which affords a reduction in shaft diameter. 

(D) With the present invention there is less decrease in yield caused by the twisting of the tubes that occurs in the • 
20 process of manufacturing the catheter shaft, which was a problem encountered with inventions such as that in Jap- 
anese Laid-open Patent Application H7-132147 (as in (2) of "Background Art" above). 

(E) With the present invention, the cross sectional shape of the inflation lumen Is C-shaped, and the cross sectional 
area of this inflation lumen is made as large as possible, which allows the pressure fluid (consisting of a contrast 
medium or physiological saline and used for balloon inflation) to flow with less vascular resistance. As a result, the 

25 time it takes to inflate or deflate the balloon is shortened, which reduces the time required for dilation of a constric- 
tion in a blood vessel, or to put it another way, shortens the time that the blood vessel Is blocked by the Inflated bal- 
loon, which reduces the burden on the patient. 

(F) Unlike the invention discussed in Japanese Patent 2,505.954 ((3) of "Background Art" above), the present 
invention does not improve the slip properties of the guide wire by reducing the bumpiness of the inner surface of 

30 the guide wire lumen, and is instead aimed at enhancing the slip properties of the guide wire by using a tube that 
is composed of a different material from that of the multi-lumen tube and that has the above-mentioned surface 
energy. 

[0062] Embodiments of the structure of the balloon pertaining to the present invention and of the method for man- 

35 ufacturing this balloon will now be described. 

[0063] The balloon pertaining to the present invention is composed of a thermoplastic elastomer with a tensile 
strength of at least 300 kgf/cm^ (according to the method in ASTM D638) an elongation of no more than 600%, and a 
Shore hardness of at least 50D. This thermoplastic elastomer is made up of a hard segment with high crystallinity and 
a soft segment with crystallinity, and a polyester component is used for the soft segment. The balloon pertaining to the 

40 present invention is produced, for example, by blow molding using this thermoplastto elastomer. The characteristics of 
this balloon are greatly dependent on the hard and soft segments that make up the above thennoplastic elastomer. For 
instance, the crystallinity of the hard segment and the bonding strength of the hard segment and the surrounding mol- 
ecules contribute considerably to the tensile strength of the balloon walls, while the structure of the soft segment, such 
as the length of the aliphatic sic or the polar groups, greatly affects compliance and other such properties of the balloon. 

45 Thus, materials composed of various hard and soft segments have been used as balloon materials in prior art as well. 
[0064] In the elongation of a balloon during its inflation, when the inflation pressure is Increased from approximately 
6 atm to approximately 12 atm, an increase of 2 to 7% in the diameter of the balloon is generally defined as "non-com- 
pliant," an increase of 7 to 1 6% as "semi-compliant," and an increase of 16 to 40% as "compliant." 
[0065] The structure of,the balloon pertaining to the present invention will now be described while also.describing 

50 the materials and characteristics of balloons in prior art, and the differences between the two will be pointed out. 

[0066] As disclosed in Japanese Laid-Open Patent Application H3-57462, in the case of a balloon composed of just 
a resin with high crystallinity, such as nylon, compliance is greatly affected by the radial elongation during blow molding. 
Particularly when a balloon is made from a material such as nylon, characteristics ranging from compliant to non-com- 
pliant can be controlled by adjusting the radial elongation, but conversely, being able to control the characteristics over 

55 a wide range means that it is difficult to achieve precise control to the desired elongation. In particular, when a medical 
treatment method is selected that involves leaving a stent in a blood vessel in order to prevent re-constriction, it is most 
important for the elongation of the balloon to range from semi-compliant to non-compliant. 

[0067] WO 90/01 302 discusses a balloon in which a polyurethane-based elastomer is used in an effort to increase 
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tensile strength and impart the desired elongation to the balloon. Japanese Laid-Open Patent Application H6-304920 
discusses making a balloon by using a block copolymer material in order to increase the tensile strength and elastic 
stress response. In the examples given in these publications, these balloons make use of a polyurethane-based elas- 
tomer called "Pellethane" (Shore hardness: 75D or higher; made by Dow Chemical). In this polyurethane elastomer 

5 "Pellethane," however, the main component of the soft segment is a polyether, and a balloon molded by using this mate- 
rial and applying a high pressure of 12 atm or higher will have elongation characteristics that are compliant, even though 
"Pellethane" withlts high hardness is used, and elongation will occur in the axial direction during the molding of the bal- 
loon. Also, when this "Pellethane" is used, there is a serious problem in that heat shrinkage tends to occur if the tem- 
perature is 60**C or higher after balloon molding. 

10 [0068] WO 95/2361 9 discusses the use of a thermoplastic elastomer made up of a soft segment whose main com- 
ponent is a polyether and a hard segment whose main component is a polyamide or polyester in order to create a bal- 
loon having high wall tensile strength, thin walls, and characteristics ranging from compliant to semi-compliant The 
structural formula for this polyamide-based themnoplastic elastomer is as follows. 

HO-(C-PA-C-0-PE-0).-H 

B li 

0 0 

20 

[0069] (In the formula, PA is a polyamide segment and PE is a polyether segment.) 

[0070] The soft segment here is a polyether composed of a C2 to C^o diol, and more specifically is a polyether hav- 
ing 2 to 10 straight-chain saturated aliphatic carbon atoms between ether bonds, it is preferable to use an ether seg- 
ment having 4 to 6 carbons between ether bonds, and a poly(tetramethylene ether) segment is most favorable. 
25 However, since this ether segment imparts elongation characteristics from compliant to semi-compliant, it is extremely 
difficult to mold the material such that a parison will have elongation characteristics close to non-compliant, and thus it 
is difficult to bring out consistent characteristics, that is, elongation characteristics close to non-compliant accurately 
and with good reproducibility. 

[0071 ] In the prior art listed above, the block copolymers and thermoplastic elastomers discussed in WO 90 /01 302. 
30 Japanese Laid-Open Patent Application H6-304920, and WO 95/23619 all have a soft segment made up of a polyether 
[0072] In contrast, with the present invention, a thermoplastic elastomer including a soft segment whose main com- 
ponent is a polyester is used as the material for the balloon. As a result, the elongation of the balloon can be controlled 
to a range from semi-compliant to non-compliant, and a balloon having merits superior to the above-mentioned prior art 
an be obtained. 

35 [0073] The first merit Is that variance in the bursting pressure of the balloon can be kept extremely low. |f the vari- 
ance in bursting pressure is low, the standard deviation (D) will be low, making it possible to raise the rated bursting 
pressure at a given average bursting pressure. 

[0074] Rated bursting pressure as used here refers to the value according to FDA (Food and Drug Administration) 
guidelines. This rated bursting pressure guarantees that, at a statistical reliability level of at least 95%, 99.9% of the bal- 
40 loons will not burst at or below the lowest bursting pressure. The lowest bursting pressure is determined by the following 
formula. 

Lowest bursting pressure = X - KD 

45 [0075] Here, X is the average bursting pressure of the balloon, D is the standard deviation, and K is a constant. 
The constant K is determined using a probability P, reliability C, and number of balloons tested n as variables, and the 
relation between these variables and the constant K is given in a table. In the present invention, P = 0.999 (99.9%). C 
= 0.95 (95%), and n = 50, so K = 3.766 is determined from the table according to FDA guidelines. The rated bursting 
pressure is expressed by the following fomnula, using the lowest bursting pressure determined by the above fomiula. 

so 

Rated bursting pressure = lowest bursting pressure - D 

Example 1 

55 [0076] A balloon having an outer diameter of 3.0 mm and a thickness of 1 9 |xm was blow molded from a tube of 
(outside diameter)/(inside diameter) = 0.96 mnn/0.43 mm using Nubelan P4165 (trade name, made by Teijin), and this 
balloon was annealed at a temperature close to 95''C. Table 1 below gives data for the bursting pressure (n = 30) of the 
balloon (Example 1) thus produced. The resulting standard deviation is 5.65 psi (0.41 atm). 
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Table 1 



Sample No. 


Bursting pressure 
(psi) 


Sample No. 


Bursting pressure 
(psi) 


Sample No. 


Bursting pressure 
(psi) 


1 


318 


11 


327 


21 


ooU 


2 


323 


12 


322 


22 




o 




1 o 


320 


23 


324 


4 


328 


14 


317 


24 


332 


5 


330 


15 


328 


25 


329 


6 


335 


16 


331 


26 


331 


7 


319 


17 


337 


27 


328 


8 


320 


18 


320 


28 


325 


9 


330 


19 


330 


29 


321 


10 


335 


20 


321 


30 


330 



[0077] We also produced the same balloons for a number of lots, but all had a standard deviation within a range of 
5.48 to 5.69 psi (0.398 to 0.412 atm), and at the same diameter had a much smaller standard deviation than polyethyl- 
ene balloons (standard deviation: 1 .4 atm), polyethylene terephthalate balloons (standard deviation: 1.1 atm), and nylon 

25 balloons made with nylon 12 (standard deviation: 1 .0 atm). Balloons were also produced using various types of mate- 
rials, whereupon the standard deviation was 0.90 atm with a polyamide-based themnoplastic elastomer composed of a 
soft segment of a polyether component (trade name "Pebax," trademark of Atochem), the standard deviation was 1 .02 
• atm with a polyester-based elastomer (trade name "Hytrel," trademark of Dupont), and the standard deviation was 0.98 
atm with a polyurethane-based elastomer (trade name "Pellethane," trademark of Dow Chemical). Compared to these 

30 standard deviation values, the balloon of this example is clearly superior. 

[0078] The inventors also discovered that the standard deviation in the bursting pressure of a balloon can be further 
reduced by manipulation of the stretching step for a balloon composed of the above-mentioned thermoplastic elas- 
tomer. This stretching step involves radially stretching a balloon parison dawn to the final diameter with a pressurized 
gas or liquid in a plurality of stages, while the degree of radial stretching per stage is adjusted to within a range of 1.2 

35 to 2.5, under an environment ranging from room temperature to a temperature that is 80% of the thermal deformation 
temperature of the thermoplastic elastomer. This stretching step may be conducted a number of times (three or four). 
This number of times becomes important when a balloon with a particularly large diameter is to be molded. The step in 
which the balloon parison is stretched axially may be conducted before, during, or after the radial stretching step. 

40 Example 2 

[0079] A balloon with an outside diameter of 1 .8 mm was molded from a tube of (outside diameter)/(inside diame- 
ter) = 0.96 mm/0.43 mm using Nubelan P4165 (trade name, made by Teijin), after which the above-mentioned stretch- 
ing step was conducted in two stages to form a balloon with a final diameter of 3.0 mm and a wall thickness of 1 9 ^m. 
45 Then this balloon was annealed at close to 95*'C (Example 2). Table 2 below gives data for the bursting pressure of this 
balloon (n = 30). The resulting standard deviation was 3.53 psi (0.24 atm), and it can be seen that a further reduction 
in standard deviation was obtained as compared to Example 1 above. 



Table 2 



Sample No. 


Bursting pressure 

(psi) 


Sample No. 


Bursting pressure 

(psi) 


Sample No. 


Bursting pressure 

(psi) 


1 


326 


11 


328 


21 


320 


2 


320 


12 


320 


22 


323 


3 


325 


13 


321 


23 


325 
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Table 2 (continued) 



Sample No. 


Bursting pressure 

(psi) 


Sample No, 


Bursting pressure 
(psi) 


Sample No. 


Bursting pressure 

(psi) 


4 




14 


o29 


24 


o29 


5 


- 320 


15 


- 320 - 


25 


330 - 


6 


330 


16 


320 


26 


330 


7 


328 


17 


328 


27 


328 


8 


321 


18 


322 


28 


322 


9 


328 


19 


324 


29 


324 


10 


326 


20 


324 


30 


326 



[0080] The above-mentioned Nubelan series made by Teijin features an aromatic polyester for the hard segment 

and an aliphatic polyester for the soft segment. The Pelprene S series made by Toyobo has a similar structure. The 
same experiment (the same experiment as in Table 2) was conducted using this latter material, and the standard devi- 
ation in bursting pressure was 0.23 atm, which is nearly the same result as that obtained with "P4165." The chemical 
structure of the Pelprene series is as follows. 



[CO COO(CH2)40]x[(COCH2CH2CH2CH2CH20)m]y 

[0081 ] (In the formula, x. y, and m are integers greater than or equal to 1 .) 

25 [0082] The second merit by which the balloon pertaining to the present invention is superior to the above-men- 
tioned prior art is that its elongation characteristics can be accurately controlled to within a range from non-compliant 
to semi-compliant by adjusting the degree of radial stretching. Figure 1 1 shows the results of measuring the elongation 
characteristics for polyethylene, PET (polyethylene terephthalate), and Nubelan "P41 65" made by Teijin. The degree of 
radial stretching is given in parentheses after the sample in the graph in Rgure 1 1 . 

30 [0083] A balloon made from Nubelan "P41 65" was wrapped and then heat-set by the application of heat (70 to 
80°C) for 5 to 10 minutes. This balloon was repeatedly inflated and deflated by applying a pressure of 12 atm, but the 
winging during rewrapping that is seen with a balloon produced from polyethylene terephthalate was not observed. This 
is because a themnoplastic elastomer containing a soft segment whose main component is a polyester has a lower 
crystaliinity than polyethylene terephthalate, so the flexibility needed for a balloon can be obtained. Also, the wall tensile 

55 strength of this balloon was not was high as that of a balloon made from polyethylene terephthalate, and a wall thick- 
ness of at least 10 ^m was required as a matter of course, so no pinholes were observed, either. 
[0084] With a balloon having the above first and second merits, even when the inflated outside diameter is 3.5 mm 
or less and the wall thickness is 1 0 to 20 |im, a rated bursting pressure of 12 to 1 8 atm can be ensured, and character- 
istics ranging from non-compliant to semi-compliant can be obtained with good reproducibility. 

40 [0085] Therefore, with the balloon and its manufacturing method pertaining to the present invention, variance 
(standard deviation) in the balloon bursting pressure can be kept low, and a high value for the rated bursting pressure 
as defined in FDA guidelines can be obtained even with a thin-walled balloon. As to the elongation of a balloon, which 
is important when a stent is expanded, it is easy to manufacture a balloon having characteristics ranging from non-com- 
pliant to semi-compliant, which are the most required for medical situations. Furthermore, the molded balloon is pliant, 

45 and there are no pinholes or winging during rewrapping. so reliability is higher and the balloon is easier to manipulate. 
[0086] Preferred embodiments of the catheter shaft used in a monorail type balloon catheter, and the method for 
manufacturing this catheter shaft, will now be described. 

[0087] Figures 1 2 (a), (b), and (c) illustrate an example of this catheter shaft. Figure 1 2 (b) is a cross section along 
the X9-X9 linerin (a), and Figure-12 (c) is a cross section along the X10-X10 line in (a). The catheter shaft comprises a 

so distal shaft 20A and a proximal shaft 20A'. Figure 1 3 is an enlarged cross section of the joint 21 between the two shafts. 
These shafts 20A and 20A' are composed of a dual-lumen tube extrusion-molded from a resin material having a flexural 
modulus within a range that contributes to pushability and trackability, and are joined together using a joining member 
22. The shafts 20A and 20A' and the joining member 22 are composed of the same resin materials or miscible resin 
materials with approximately equal melting points. A polyamide elastomer or the like can be used as the above-men- 

55 tioned resin material. An inflation lumen 23B and a guide wire lumen 23A are formed on the inside of the distal shaft 
20A, and a tube or coating layer (hereinafter referred to as the covering layer 24) with a circular cross section and com- 
posed of a different resin material with a high lubricity Is present on the inner surface of this guide wire lumen 23A. This 
covering layer 24 has the same structure and material as the tube in the first invention discussed above, and serves to 
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enhance the lubricity of the guide wire. The guide wire lumen 23A confimunicates with a guide wire inlet 25 formed in 
the joint 21 . Meanwhile, an inflation lumen 23B' is formed on the inside of the proximal shaft 20A', and is connected to 
the left end of the inflation lumen 23B of the distal shaft 20A. Just as with the monorail type balloon catheter in the above 
first invention, a reinforcing wire 26 is provided extending from the most proximal end of the proximal shaft 20A' to the 
5 distal end of the distal shaft 20A, and enhances pushability and prevents the breakage of the shaft by increasing the 
strength of the shaft at its distal portion. 

[0088] The distal shaft 20A and the proximal shaft 20A' are joined by the following method. First, as shown in Figure 
14, the proximal end of the distal shaft 20A is brought into contact with the distal end of the proximal shaft 20A' pro- 
duced ahead of time by extrusion molding or the like. At this point, a mandrel 27 having an outside diameter that is 

10 approximately equal to the inside diameter of the guide wire lumen is inserted into this guide wire lumen in order to form 
the guide wire inlet 25 having a smooth external shape and to prevent any change in the shape of the covering layer 24 
due to thermal deformation. Also, a mandrel 28 is inserted into the inflation lumens 23B and 23B' of the shafts 20A and 
20A' in order to connect the inflation lumens 238 and 23B' more accurately. At the same time, the joint is covered with 
cylindrical joining members 22A and 22A' composed of the same resin material as the constituent material of these 

15 shafts 20A and 20A' or of a miscible resin material that has approximately the same melting point as this constituent 
material. A plurality of these cylindrical joining members 22A and 22A' with annular openings cut into them may be used 
on top of one another, or, as shown in Figure 15, ribbon-like joining members 22B and 22B' may be wound around the 
joint instead of using these joining members 22A and 22A'. 

[0089] Next, the mandrel 27 and the joining members 22A and 22A' are entirely covered with a heat-shrink tube 29, 
20 heat is applied to the heat-shrink tube 29, which thermally deforms the joining members 22A and 22A', and this entire 
product is then cooled and the heat-shrink tube 29 removed. When the mandrel 27 is taken out, this forms a joint 21 
having a smooth guide wire inlet 25 that is free of any step, as shown in Figure 13. Here, the joining members 22A and 
22A' (22B and 22B') are composed of the same resin material or a miscible resin material having approximately the 
same melting point as the shafts, and this joining method makes it easier to fuse the shafts 20A and 20A', so the degree 
25 of joining of the shafts 20A and 20A' can be enhanced, and there is no loss of the characteristics required of the cath- 
eter shaft, such as trackability and pushability. The means for applying the heat here can be heated air, a heating mold 
made of glass or metal, a high frequency fusion mold that makes use of a high frequency electrical field, or the like. 
[0090] It is important to use a material with a relatively large degree of shrinkage, as defined by 
((diameter before shrinkage) - (diameter after shrinkage))/(diameter before shrinkage) , as the above-mentioned heat- 
30 shrink tube. It is preferable for this degree of shrinkage to be approximately 25% or higher. This is because if the degree 
of shrinkage is less than about 25%, the shrinkage force of the heat-shrink tube will be too weak to obtain consistent 
results in joining strength and the molding state of the guide wire inlet. Examples of the heat-shrink tube material 
include polyolefins and Teflon. 

[0091 ] The use of the above-mentioned heat-shrink tube is preferable, but heat may also be applied directly to the 
35 joining members using the above-mentioned heating mold or the like instead of the heat-shrink tube. 

[0092] In general, when a monorail type balloon catheter is compared to an over-the-wire type balloon catheter, the 
yield is lower and the manufacturing cost higher because of the complexity of the manufacturing process. This is 
because of the problems mentioned above in (8) and (9) of "Background Art," that is, because a guide wire inlet must 
be fomied so that the pressure fluid flowing through the inflation lumen will not leak from the joint between the proximal 
40 shaft and the distal shaft. However, the joining method of the present invention allows the shafts to be joined by a 
method that is easier and has superior reproducibility, and furthermore a smooth guide wire inlet with very little physical 
step can be formed by a simple and stable step, regardless of the skill level of the worker. 

Example 3 

45 

[0093] In Example 3, the catheter shaft illustrated in Figure 1 2 was produced. The proximal shaft and distal shaft in 
this Example 3 were both formed by extrusion molding using a polyamide elastomer (trade name "Pebax 7233SA00,' 
made by Elf Atochem) (outside diameter of proximal shaft: 0.88 mm, outside diameter of distal shaft: 0.91 mm). The 
overall length of the proximal shaft was adjusted to approximately 120 cm, and the overall length of the distal shaft to 

50 approximately 25 cm. The tube provided to the inner surface of the guide wire lumen of this distal shaft was formed by 
extrusion molding using a high-density polyethylene (trade name "HY540," made by Mitsubishi Chemical). A polyamide 
elastomer (trade name "Pebax 7233SA00," made by Elf Atochem), which is the same resin material as that of the 
shafts, was used for the joining members. The monorail type balloon catheter equipped with the catheter shaft of this 
Example 3 had good pushability, was easy to manipulate, etc. 

55 [0094] A prefen-ed variation example of the above catheter shaft will now be described through reference to Figures 
1 6 and 1 7. In the figures, those members that are the same as above are numbered the same and will not be described 
again. The characteristic feature of the monorail type balloon catheter in this variation example is that the proximal shaft 
consists of a first proximal shaft 31 A joined to the distal shaft 20A by the same method as that illustrated in Figures 14 
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and 1 5, and a second proximal shaft 31 A' fitted and joined to tlie most proximal portion of this first proximal shaft 31 A, 
and the second proximal shaft 31 A' has a greater overall length, is harder, and is more rigid than the first proximal shaft 
31 A. Figure 17 is an enlarged cross section of the joint 30 between this first proximal shaft 31 A and second proximal 
shaft 31 A'. The distal end of the second proximal shaft 31 A' gradually tapers off in diameter so as to join continuously 

5 (smoothly) with the outer peripheral surface of the first proximal shaft 31 A. From the standpoint of improving pushability, 
- - it is preferable forthe second proximal shaft 31 A' to be composed.of a material with higher rigidity than that of the first 
proximal shaft 31 A. For instance, a metal tube such as a hypodermic Injection tube, or a metal tube whose outer surface 
is covered with a resin, can be used as this second proximal shaft 31 A', or a tube composed of a resin with a high elastic 
modulus, such as a polylmide, can be used. The second proximal shaft 31 A' composed of this material is advantageous 

JO in ternis of management, in that the tolerance in the inside diameter thereof can be kept extremely low, so the tolerance 
in the bonding clearance between the first proximal shaft 31 A and the second proximal shaft 31 A will be small. 
[0095] When there is extreme variation in rigidity at the boundary between the first proximal shaft 31 A and the sec- 
ond proximal shaft 31 A', there may actually be a loss of pushability, so to prevent this, a reinforcing wire 33 is provided 
on the inside along both shafts 31 A and 31 A'. 

IS 

Example 4 

[0096] The catheter shaft illustrated in Figures 16 and 17 was produced as Example 4. The distal shaft and first 
proximal shaft of this Example 4 are the same as in Example 3 above, and were formed entirely by extrusion molding 

20 using a pplyamide elastomer (trade name "Pebax 7233SA00," made by Elf Atochem) (outside diameter of proximal 
shaft: 0.88 mm, outside diameter of distal shaft: 0.91 mm). The overall length of the first proximal shaft was adjusted to 
approximately 7 cm, and the overall length of the distal shaft to approximately 25 cm. The tube provided to the inner 
surface of the guide wire lumen of this distal shaft was formed by extrusion molding using a high-density polyethylene 
(trade name "HY540, made by Mitsubishi Chemical), just as in Example 3 above. 

25 [0097] The second proximal shaft was formed from a material with higher rigidity than that of the distal shaft and 
first proximal shaft, and was fitted and joined to the first proximal shaft using a cyanoacrylate-based adhesive agent 
(trade name "401 1 " and "401 4," made by Loctite). A urethane-based adhesive agent or other type besides a cyanoacr- 
ylate-based adhesive agent may be used here if the tube of the bonded portion is fomried fiexibly. although the length 
of the adhesive curing time may be sacrificed. The monorail type balloon catheter equipped with the catheter shaft of 

30 this Example 4 had good pushability, was easy to manipulate, etc. 

[0098J In the examples given above, both the proximal shaft and the distal shaft had a dual-lumen structure, but the 
present invention is not limited to this, and the structure of the proximal shaft may be changed to a single-lumen struc- 
ture. T 

[0099] The structure of the catheter shaft pertaining to the present invention is related to a balloon catheter, but can, 
35 of course, also be applied to intravascular diagnostic catheters, including intravascular ultrasound diagnostic catheters, 
radiation catheters, intravascular drug injection catheters, and various atelectomy catheters. 

INDUSTRIAL APPLICABILITY 

40 [0100] As discussed above, the balloon catheter pertaining to the present invention, and the methods for manufac- 
turing the catheter shaft and balloon thereof, are suited to use in the fields of in percutaneous transluminal angioplasty 
(PTA) or percutaneous transluminal coronary angioplasty (PTCA), in which constricted areas or obstructions such as 
in the coronary artery, limb arteries, the renal artery, or peripheral vessels are treated by dilation. 

45 Claims 

1 . A balloon catheter having a catheter shaft comprising a multi-lumen tube inclusive of a dual-lumen tube, and a bal- 
loon provided to the distal end of said catheter shaft, 

wherein said multi-lumen tube Is equipped with at least a guide wire lumen and an Inflation lumen, and is composed 
50 of a resin material having a fiexural modulus that contributes to pushability and trackabillty, and 

a resin material layer having a lubricity higher than that of the constituent material of the guide wire lumen and 
having a surface energy of no more than 50 dyn/cm is present on the inner surface of said guide wire lumen. 

55 2. The balloon catheter according to Claim 1 , wherein a tube composed of a highly elastic resin material having an 
elastic modulus higher than that of the constituent material of said inflation lumen and having a surface energy of 
no more than 50 dyn/cm is present in the interior of said inflation lumen. 
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3. The balloon catheter according to Claim 1 or 2, wherein the outer surface of said multi-lumen tube is covered with 
a highly elastic resin material having an elastic modulus higher than that of said multi-lumen tube. 

4. The balloon catheter according to any of Claims 1 to 3, wherein the resin material layer present on the inner surface 
5 of said guide wire lumen is formed from a tube composed of a ftuororesin material or a polyolefin-based resin mate- 
rial inclusive of polyethylene. 

5. The balloon catheter according to any of Claims 1 to 3, wherein the resin material layer present on the inner surface 
of the guide wire lumen is a coating layer composed of a fluororesin material. 

10 

6. The balloon catheter according to any of Claims 1 to 5, comprising a circular lumen with a circular tumen cross sec- 
tional shape and a C-shaped lumen with a C-shaped lumen cross sectional shape, wherein the two ends in a cross 
section of said C-shaped lumen are located closer to the circular lumen than the tangent to the peripheral section 
of said circular lumen closest to the C-shaped lumen. 

IS 

7. The balloon catheter according to any of Claims 1 to 6, wherein said multi-lumen tube is composed of a resin mate- 
rial having a flexural modulus of at least 2000 kgf/cm^ and no more than 1 0,000 kgf/cm^. 

8. The balloon catheter according to any of Claims 1 to 7, wherein said multi-lumen tube is composed of a resin mate- 
20 rial selected from among nylon, polyamide-based elastomers, polyesters, polyester-based elastomers, poly- 

urethane-based elastomers, polyolefins, polyimides, polyimidoamides, and polyether imides. 

9. The balloon catheter according to any of Claims 1 to 8, wherein at least the distal portion of the catheter shaft is 
made from a resin material and has the catheter shaft structure according to Claims 1 to 8. 

25 

10. The balloon catheter according to any of Claims 2 to 9, wherein said highly elastic resin material has a tensile mod- 
ulus of at least 1 GPa (10® Pascal). 

11. The balloon catheter according to any of Claims 2 to 10, wherein said highly elastic resin material is a polyimide. 

30 

12. The balloon catheter according to any of Claims 1 to 11 , wherein said balloon is composed of a thermoplastic elas- 
tomer with a tensile strength of at least 300 kgf/cm^, an elongation of no more than 600%, and a Shore hardness 
of at least SOD, and the soft segment of said thermoplastic elastomer includes a polyester component. 

35 13. The balloon catheter according to Claim 12, wherein said balloon has a rated bursting pressure of at least 12 atm 
and no more than 1 8 atm when its inflated outside diameter is 3.5 mm or less and its wall thickness is no more than 
20 ^im. 

14. The balloon catheter according to Claim 12 or 13, wherein the main component of the hard segment of said ther- 
40 moplastic elastomer is one or more types selected from the group consisting of polyesters, polyamides, and poly- 

urethanes. 

15. The balloon catheter according to any of Claims 1 to 14, which is a monorail type of balloon catheter, wherein said 
catheter shaft comprises a distal shaft provided with a balloon at its distal end portion, and a proximal shaft com- 

45 posed of a miscible resin material that has substantially the same melting point as said distal shaft, and 

the distal end portion of said proximal shaft and the proximal end portion of said distal shaft are joined using a 
joining member composed of the same resin material as said proximal shaft or of a miscible resin material that 
has substantially the same melting point as said proximal shaft, and a guide wire inlet that communicates with 
50 said guide wire lumen is formed in the proximity of this joint. 

16. The balloon catheter according to Claim 15, wherein said joining member is a cylindrical or ribbon-shaped member 
having an inside diameter that is larger than the outside diameter of said catheter shaft. 

55 17. The balloon catheter according to Claim 1 5 or 1 6, wherein said proximal shaft comprises a first proximal shaft that 
is joined to said distal shaft, and a second proximal shaft that is located closer to the proximal side than said first 
proximal shaft, has a greater overall length and a higher rigidity than said first proximal shaft, and is composed of 
a resin, a metal, or both. 
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18. A balloon catheter with a balloon provided to the distal side of a catheter shaft, in which at least the distal portion 
of said catheter shaft is composed of a resin material having a flexural modulus that contributes to pushability and 

traclobility, 

wherein said balloon is composed of a thermoplastic elastomer with a tensile strength of at least 300 l<gf/cm^, an 
5 elongation of no more than 600%, and a Shore hardness of at least 500, and the soft segment of said thermoplastic 
elastomer-includes a polyester component. „_ 

19. The balloon catheter according to Claim 18, wherein said balloon has a rated bursting pressure of at least 12 atm 
and no more than 1 8 atm when its inflated outside diameter is 3.5 mm or less and its wall thicicness is no more than 

10 20 nm. 

20. The balloon catheter according to Claim 1 8 or 19, wherein the main component of the hard segment of said ther- 
moplastic elastomer is one or more types selected from the group consisting of polyesters, polyamides, and poty- 
urethanes. 

21. The balloon catheter according to any of Claims 18 to 20, wherein said flexural modulus is at least 2000 kgf/cm^ 
and no more than 1 0,000 kgf/cm^. 

22. The balloon catheter according to any of Claims 1 8 to 21 , which is a monorail type of balloon catheter, wherein said 
20 catheter shaft comprises a distal shaft provided with a balloon at Its distal end portion, and a proximal shaft com- 
posed of a miscible resin material that has substantially the same melting point as said distal shaft, and 

the distal end portion of said proximal shaft and the proximal end portion of said distal shaft are joined using a 
joining member composed of the same resin material as said proximal shaft or of a miscible resin material that 
25 has substantially the same melting point as said proximal shaft, and a guide wire inlet that communicates with 

said guide wire lumen Is formed In the proximity of this joint. 

23. The balloon catheter according to Claim 22, wherein said joining member is a cylindrical or ribbon-shaped member 
having an inside diameter that is larger than the outside diameter of said catheter shaft 

30, 

24. The balloon catheter according to Claim 22 or 23, wherein said proximal shaft comprises a first proximal shaft that 
is joined to said distal shaft, and a second proximal shaft that is located closer to the proximal side than said first 
proximal shaft, has a greater overall length and a higher rigidity than said first proximal shaft, and is composed of 
a resin, a metal, or both. 

35 

25. A method for manufacturing a catheter shaft for a balloon catheter having a catheter shaft comprising a multi-lumen 
tube inclusive of a dual-lumen tube, and a balloon provided to the distal end of said catheter shaft, 

in which a tube composed of a resin material different from the resin material of which the multi-lurnen tube is 
40 composed is fixed to at least one lumen out of said multi-lumen tube, 

wherein a multi-lumen tube having a lumen with an inside diameter that is larger than the outside diameter of 
this tube of a different material is prepared in advance, and 

the tube of a different material is inserted into said lumen in a state in which a mandrel for maintaining the 
inside diameter has been fitted into the center of this tube, then the multi-lumen tube is stretched by applying 
45 heat from the outside in a state in which a tensile force is applied to the multi-lumen tube in the axial direction, 

and the tube of a different material is fixed inside the multi-lumen tube. 

26. The method for manufacturing a catheter shaft according to Claim 25, said mandrel is cooled with air or a liquid. 

50 27. A method for manufacturing a catheter shaft for a balloon catheter having a catheter shaft comprising a multi-lumen 
tube inclusive of a dual-lumen tube, and a balloon provided to the distal end of said catheter shaft, 

in which a tube composed of a resin material different from the resin material of which the multi-lumen tube is 
composed is fixed to at least one lumen out of said multi-lumen tube, 
55 wherein a tube composed of a different resin material and having an outside diameter that is substantially 

equal to or larger than the inside diameter of said jumen is prepared in advance, 

said tube is passed through a mold with a specific outside diameter while heat is applied from the outside, 
thereby forming the outside diameter of the tube to high precision, and 
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said tube is then inserted into said lumen, one or both ends of the lumen in its axial direction are fixed to the 
outer peripheral surface of the tube with an adhesive agent, and the tube is fixed inside the multi-lumen tube. 

28. The method for manufacturing a catheter shaft according to Claim 27, wherein said tube is passed through a mold 
5 for defining a specific outside diameter while heat is applied from the outside in a state in which a mandrel for main- 
taining the inside diameter has been inserted Into the center of said tube. 

29. The method for manufacturing a catheter shaft according to Claim 27 or 28, wherein said mold is equipped with 
means for blowing hot air at said tube. 

10 

30. The method for manufacturing a catheter shaft according to any of Claims 27 to 29, wherein a UV curing type, ure- 
thane-based, or cyanoacrylate-based adhesive agent is used as said adhesive agent. 

31. A method for manufacturing a monorail type of catheter shaft comprising a multi-lumen tube inclusive of a dual- 
15 lumen tube, 

wherein the proximal end portion of a distal shaft provided with a balloon at its distal end portion is brought into con- 
tact with the distal end portion of a proximal shaft composed of a miscible resin material that has substantially the 
same melting point as said distal shaft, 

20 a joining member composed of the same resin material as said proximal shaft or of a miscible resin material 

that has substantially the same melting point as said proximal shaft is disposed at this contact portion, 
said joining member is thermally deformed to join said proximal shaft to said distal shaft, and 
a guide wire inlet that communicates with the guide wire lumen of the distal shaft is formed in the proximity of 
this joint. 

25 

32. The method for manufacturing a catheter shaft according to Claim 31 , wherein a cylindrical or ribbon-shaped mem- 
ber having an inside diameter that is larger than the outside diameter of said catheter shaft is used as said joining 
member. 

30 33. The method for manufacturing a catheter shaft according to Claim 31 or 32, wherein said joining member is cov- 
ered with a heat-shrink tube, and said heat-shrink tube is heated to thermally deform the joining member, which 
joins said proximal shaft to the distal shaft, after which this heat-shrink tube is removed, and a guide wire inlet is 
formed in the proximity of this joint. 

35 34. Themethodfor manufacturing a catheter shaft according to Claim 31 or 32, wherein the entire periphery of the join- 
ing member is covered with a heating mold, and said joining member is heated and thermally deformed by said 
heating mold, which joins said proximal shaft to the distal shaft, and a guide wire inlet is formed in the proximity of 
this joint. 

40 35. A method for manufacturing a balloon to be provided at the distal end of a catheter shaft, 

wherein a thermoplastic elastomer containing a soft segment whose main component is polyester and which has 
a tensile strength of at least 300 kgf/cm^, an elongation of no more than 600%, and a Shore hardness of at least 
SOD is used, said method comprising: 

45 a first stretching step in which a balloon parison is axially stretched at least two times its length in an environ- 
ment between room temperature and up to 80% of the thermal defomiation temperature of said thermoplastic 
elastomer, and a second stretching step in which said balloon parison is radially stretched in a plurality of 
stages by a pressurized gas or liquid, with the elongation per stage adjusted to within a range of at least 1.2 
-jrtLr^ ..- times and no more than 2.5 times — 

so 

36. The method for manufacturing a balloon according to Claim 35, wherein said balloon has a rated bursting pressure 
of at least 12 atm and no more than 18 atm when its inflated outside diameter is 3.5 mm or less and its wall thick- 
ness is no more than 20 \im. 

55 37. The method for manufacturing a balloon according to Claim 35 or 36, wherein the main component of the hard seg- 
ment of said thermoplastic elastomer is one or more types selected from the group consisting of polyesters, polya- 
mides, and polyurethanes. 
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Fig. 7 

(a) 
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Fig. 9 

(a) 
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Fig. 10 
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Fig. 13 
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Fig. 14 
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Fig. 17 
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